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Background: Mountain-cultivated ginseng (MCG) and cultivated ginseng (CG) both belong to Panax
ginseng and have similar ingredients. However, their pharmacological activities are different due to their
significantly different growth environments.
Methods: An ultra-performance liquid chromatography/quadrupole time-of-flight mass spectrometry
(UPLC-QTOF-MS/MS)-based approach was developed to distinguish MCG and CG. Multivariate statistical
methods, such as principal component analysis and supervised orthogonal partial-least-squares
discrimination analysis were used to select the influential components.
Results: Under optimized UPLC-QTOF-MS/MS conditions, 40 ginsenosides in both MCG and CG were
unambiguously identified and tentatively assigned. The results showed that the characteristic compo-
nents of CG and MCG included ginsenoside Ra3/isomer, gypenoside XVII, quinquenoside R1, ginsenoside
Ra7, notoginsenoside Fe, ginsenoside Ra2, ginsenoside Rs6/Rs7, malonyl ginsenoside Rc, malonyl gin-
senoside Rb1, malonyl ginsenoside Rb2, palmitoleic acid, and ethyl linoleate. The malony ginsenosides
are abundant in CG, but higher levels of the minor ginsenosides were detected in MCG.
Conclusion: This is the first time that the differences between CG and MCG have been observed sys-
tematically at the chemical level. Our results suggested that using the identified characteristic compo-
nents as chemical markers to identify different ginseng products is effective and viable.
Copyright � 2015, The Korean Society of Ginseng, Published by Elsevier. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ginseng is a slow-growing perennial plant belonging to the
genus Panax of the family Araliaceae that has been used as a tonic
and functional food to prevent various diseases in China, Korea, and
Japan for thousands of years [1e3]. It has positive effects on the
endocrine, cardiovascular, immune, and central nervous systems,
and aids in the prevention of fatigue, oxidative damage, mutage-
nicity and cancer [4e7]. The effective components of ginseng
contain polysaccharides, ginsenosides, volatile oils, etc., with the
main bioactive constituents considered to be ginsenosides, which
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exhibit antioxidant, anti-inflammatory, anticancer, anti-apoptotic,
and immune-stimulatory pharmacological activities [2,8e11].
Even the rare ginsenosides have significant pharmacological ac-
tivities [12].

The quality and properties of ginseng products vary greatly due
to their different growth environments. According to the growth
environment and the cultivation method, ginseng can be divided
into three types: cultivated ginseng (CG), mountain-wild ginseng
(MWG), andmountain-cultivated ginseng (MCG). CG is the artificial
planting ginseng that has a short growth period and rapid weight
increment. MWG grows in the mountains with no artificial
ood and Drug Administration, Number 2 Tiantan Xili, Beijing 100050, China; X-r. Li,
angjing zhonghuannan Road, Beijing 100102, China.

inseng, Published by Elsevier. This is an open access article under the CC BY-NC-ND

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:weifeng@nifdc.org.cn
mailto:lixiangri@sina.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jgr.2015.11.001&domain=pdf
www.sciencedirect.com/science/journal/12268453
http://www.ginsengres.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.jgr.2015.11.001
http://dx.doi.org/10.1016/j.jgr.2015.11.001
http://dx.doi.org/10.1016/j.jgr.2015.11.001


Table 1
Details of CG and MCG samples

No. Group Growth year Classification Origin

J01-J05 CG 4 4-yr L Ji’an
F01-F05 CG 4 4-yr L Fusong
J06-J10 CG 5 5-yr L Ji’an
T01-T04 CG 5 5-yr Tonghua
J11-J19 CG 6 6-yr Ji’an
J20-J27 CG 7 7-yr Ji’an
J28-J32 MCG 15 LX L Ji’an
K01-K04 MCG 15 LX L Kuandian

CG, cultivated ginseng; MCG LX, mountain-cultivated ginseng; L, vacuum freeze
drying
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management and only under natural conditions throughout the
entire growing period [13]. MCG, whose seeds are sowed artifi-
cially, is cultivated in the natural environment and returns to the
wild state before being used clinically [14]. Generally speaking,
most CG is harvested after 4e5 year. Meanwhile, MCG is collected
at least after 10e20 year or longer, with the age of MWG being
much older than that of MCG [15]. Due to excessive excavation,
MWG has been nearing extinction. Presently, there are only two
primary types of ginseng on the market: one is CG and the other is
MCG. Pharmacopoeia of the People’s Republic of China also clas-
sified ginseng into CG and MCG groups [16]; however, a practicable
criterion for distinguishing between CG and MCG in Chinese
Pharmacopoeia (2010 Edition) does not exist.

MCG can be considered as a mimic of wild ginseng, which is of
better quality than CG. In the past decades, Fourier transform
infrared spectroscopy (FT-IR), secondary derivative IR spectra, two-
dimensional correlation infrared spectroscopy (2D-IR), and FT-IR
microspectroscopy have been applied to discriminate between
MCG and CG rapidly, effectively, and nondestructively [17,18]. HPLC
analytical technology was applied to analyze MCG [19], focusing on
the differences in the major ginsenosides and malonyl ginseno-
sides. For many years, MCG has been much more expensive and
effective than CG. It is no surprise that only the decoction of
mountain wild ginseng is being used in clinical applications.
Pharmacological researchers have also revealed that MCG has
greater anti-cancer activities than CG [20,21]; however the differ-
ence in chemical components between CG and MCG has not been
studied systematically. Thus, it is important to find the different
chemical markers and identify the structures between CG andMCG.
This will also be helpful in explaining the different pharmacological
activities and controlling the quality of CG and MCG.

Recently, ultra-high-performance liquid chromatography
(UPLC) coupled with multivariate statistical analysis (MVA) was
used to identify ginseng products, such as the white and red
ginseng, ginseng of different ages, and white ginseng of different
origins [22e24]. This strategy has the advantages of rapid analysis
time, high resolution, selectivity, and sensitive analysis of compo-
nents in complexmedicinal herbmixtures. Moreover it can identify
the different marker components and their chemical structures in
order to explain the subtle differences between samples. In our
study, we developed a sample-profiling strategy combining UPLC
orthogonal acceleration time-of-flight mass spectrometry (UPLC/
oa-QTOF MS) with MVA to compare the chemical contents of CG
and MCG. Our results constitute the first time that the differences
between CG and MCG have been observed systematically from the
chemical components.

2. Experimental

2.1. Ginseng samples and samples processing

Forty-five ginseng samples, of which 36 CG samples 4- to 7-year
of age were collected from the Ji’an, Fusong and Tonghua of Jilin
provinces of China, and 9 MCG samples were collected from Kuan-
dian county of Liaoning province and Ji’an city of Jilin province of
China, were collected for analysis. The details of the samples are
shown in Table 1. All of these samples were identified by Professor
Xiangri Li (School of Chinese Materia Medica, Beijing University of
Chinese Medicine) and deposited in the specimen cabinet of tradi-
tional Chinese medicine at Beijing University of Chinese Medicine.

2.2. Sample preparation

All samples were pulverized into powder of over 65 mesh, then
the fine ginseng powder was accurately weighed (0.4 g) and
extracted with 50 mL methanol in an ultrasonic bath for 30 min.
After cooling to room temperature, the loss of weight was replen-
ished with methanol and then filtrated. We accurately drew sub-
sequent filtrate (25mL) and concentrated it into residue, whichwas
then dissolved in methanol in a 10-mL volumetric flask. The
extraction solutionwas filtered through a 0.22-mm filter membrane
and injected directly into the UPLC system.

2.3. Reagents

Fisher Optima-grade acetonitrile, methanol, and isopropanol
were obtained from Thermo Fisher Scientific. (Waltham, MA, USA).
Formic acid and leucine enkephaline were purchased from Sigma-
Aldrich (St Louis, MO, USA). Deionized water was obtained in our
laboratory via a Milli-Q water purification system (Millipore Cor-
poration, Bedford, MA, USA). Ginsenoside Rg1, Re, Rb1, Rf, Rb2, and
Rb3 standards were purchased from the National Institute for
Pharmaceutical and Biological Products (Beijing, PR China). Ginse-
noside Rc and Rg2 standards were obtained from Beijing Xiantong
era Pharmaceutical Co. Ltd. (Beijing, PR China). The standards were
dissolved in methanol and stored at 4�C.

2.4. UPLC-QTOF conditions

2.4.1. LC conditions
LC separation was performed on an ACQUITY UPLC system

(Waters Corporation, Milford, MA, USA) with an ACQUITY UPLC
BEH C18 column (100 mm � 2.1 mm, 1.7 mm). The column tem-
perature was set to 40�C, and the flow rate was 0.4 mL/min. Mobile
phases A and B consisted of water with 0.1% formic acid and
acetonitrile, respectively. The UPLC elution conditions were opti-
mized as follows: linear gradient from 81% to 50% A (0e7 min), 50%
to 4% A (7e12 min), 4% to 2% A (12e13 min), 2% to 2% A (13e
25 min), 2% to 81% A (25e26 min), and 81% to 81% A (26e29 min).
The total run time was 29 min, and the injection volume was 2 mL.

2.4.2. MS conditions
MS detection was performed on a Synapt MS System (Waters

Corporation), with the data acquisition mode set to MSE and the
ionization mode set for positive electrospray (ESIþ). The source
temperature was 120�C, the desolvation temperature was 350�C,
and thedesolvationgasflowwas480.0 L/h. The lockmass compound
used was leucine enkephaline, the capillary and cone voltages were
3,000 V and 20 V, respectively, and the cone gas was 50 L/h. The
collision energies were 5 eV for low-energy scans and 20e30 eV for
high-energy scans. The LCeMS data acquisition was controlled by
Mass Lynx 4.1 Mass Spectrometry Software (Waters Corporation).

2.5. Data processing procedure

Post-acquisition data processing, including the MVA, was per-
formed byMarker Lynx XS, which is an application manager for the
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Fig. 1. Representative base peak intensity chromatograms of cultivated ginseng sample.
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Mass Lynx software. The structural elucidation was performed by
the Mass Fragment tool provided by Mass Lynx Waters
Corporation).

2.5.1. Principal component analysis (PCA)
From the chromatographic trace, we acquired a three-

dimensional data point representing the retention time, m/z, and
intensity. We converted each data point into an exact mass reten-
tion time (EMRT) pair using the Marker Lynx XS software. After the
EMRT 2D matrix was obtained, the MVA interface was launched
with all EMRT information automatically imported, enabling the
extended statistics module PCA to be completed.

2.5.2. The scatter plot from orthogonal projections from latent
structures discriminant analysis (OPLS-DA)

We acquired the loading plot (S-plot) of every group of pairs by
OPLS-DA. In the S-plot, the leading contributing EMRT pairs were
captured selectively, resulting in a list of top contributing markers
from each sample group being generated and saved as a text file.
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Fig. 2. Total ion-current chromatograms of ginseng samples within 7.5 min using UPLC-QTO
ginsenoside Re4; 2, notoginsenoside R3 isomer; 3, notoginsenoside R1; 4, ginsenoside Re; 5
ginsenoside Re isomer; 9, ginsenoside Ra3; 10, malonyl-ginsenoside Ra3; 11, ginsenoside Rf;
notoginsenoside Fa; 16, malonyl-ginsenoside Rb1; 17, ginsenoside Rc; 18, ginsenoside Ra1; 1
Rb1 isomer; 22, ginsenoside Rb2; 23, ginsenoside Rb3; 24, malonyl-ginsenoside Rb2; 25, qui
ginsenoside Rd; 29, malonyl-ginsenoside Rd; 30, ginsenoside Rs1; 31, malonyl-ginsenoside
ginsenoside Fe; 36, ginsenoside Ra8; 37, ginsenoside F4; 38, vinaginsenoside R16; 39, ginsen
of-flight mass spectrometry.
2.5.3. The elemental composition calculation for the target markers
We calculated the matched elemental composition with the

exact mass of the markers, and searched an existing database to
acquire the chemical structure. Once the identity of a marker was
tentatively identified, its fragment ion was obtained by going back
to the raw data file to investigate the high capillary electrophoresis
(CE) scan of the samples. The fragment ions obtained using the
Mass Fragment tool in the Mass Lynx software was used for eluci-
dating the structure.

3. Results and discussion

3.1. MS analysis

As shown previously [25], the ACQUITY BEH C18 column has
frequently been used to separate ginsenosides from various Panax
herbs. Figure 1 shows the based-peak intensity (BPI) chromatogram
obtained from the analysis of CG in positive-ion mode. There are
many peaks in the BPI, indicating that the components of the
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, ginsenoside Rg1; 6, malonyl-ginsenoside Rg1; 7, malonyl-ginsenoside Re; 8, malonyl-
12, malonyl-notoginsenoside R4; 13, ginsenoside Ra2; 14, ginsenoside Rb1; 15, malonyl-
9, malonyl-ginsenoside Rc; 20, malonyl-ginsenoside Ra1/Ra2; 21, malonyl-ginsenoside
nquenoside R1; 26, malonyl-ginsenoside Rb3; 27, malonyl-ginsenoside Rb3 isomer; 28,
Rd isomer; 32, gypenoside XVII; 33, ginsenoside Rs2; 34, ginsenoside Ra7; 35, noto-

oside Rg3. UPLC-QTOF-MS, ultra-performance liquid chromatography/quadrupole time-



Table 2
Characterization of ginsenosides in MCG and CG using UPLC-QTOF-MS

No. tR(min) Precursor ion and/or adduct ions Exact mass [MþH]þ Error (ppm) Formula Identification

1 1.99 933.5476 [MþH]þ 933.5423 5.6 C47H80O18 Ginsenoside Re4
2 2.08 963.5582 [MþH]þ, 980.5865 [MþNH4]þ 963.5529 5.5 C48H82O19 Notoginsenoside R3 isomer
3 2.11 933.5474 [MþH]þ 933.5423 5.4 C47H80O18 Notoginsenoside R1
4 2.50 947.5628 [MþH]þ 947.5579 5.1 C48H82O18 Ginsenoside Re
5 2.50 801.5038 [MþH]þ 801.5000 4.7 C42H72O14 Ginsenoside Rg1
6 2.77 887.5040 [MþH]þ, 904.5305 [MþNH4]þ 887.5004 4.0 C45H74O17 Malonyl-ginsenoside Rg1
7 2.98 1,033.5633[MþH]þ 1,033.5583 4.8 C51H84O21 Malonyl-ginsenoside Re
8 3.03 1,033.5630 [MþH]þ 1,033.5583 4.5 C51H84O21 Malonyl-ginsenoside Re isomer
9 4.02 1,241.6609 [MþH]þ ,1,258.6971 [MþNH4]þ 1,241.6530 6.3 C59H100O27 Ginsenoside Ra3/ notoginsenoside R4 / notoginsenoside Fa
10 4.13 1,327.6656[MþH]þ, 1,327.6980 [MþNH4]þ 1,327.6534 9.1 C62H102O30 Malonyl-ginsenoside Ra3
11 4.25 801.5033 [MþH]þ 801.5000 4.1 C42H72O14 Ginsenoside Rf
12 4.37 1,327.6666[MþH]þ 1,327.6534 9.9 C62H102O30 Malonyl-notoginsenoside R4
13 4.45 1,211.6492[MþH]þ, 1,228.6871 [MþNH4]þ 1,211.6425 5.5 C58H98O26 Ginsenoside Ra2
14 4.56 1,109.6176 [MþH]þ, 1,126.6500 [MþNH4]þ 1,109.6108 6.1 C54H92O23 Ginsenoside Rb1
15 4.60 1,327.6655[MþH]þ 1,327.6534 9.1 C62H102O30 Malonyl-notoginsenoside Fa
16 4.65 1,195.6194 [MþH]þ 1,195.6112 6.8 C57H94O26 Malonyl-ginsenoside Rb1
17 4.77 1,079.6058 [MþH]þ 1,079.6002 5.1 C53H90O22 Ginsenoside Rc
18 4.77 1,211.6507[MþH]þ, 1,228.6721 [MþNH4]þ 1,211.6425 6.7 C58H98O26 Ginsenoside Ra1
19 4.85 1,165.6094 [MþH]þ 1,165.6006 7.2 C56H92O25 Malonyl-ginsenoside Rc
20 4.85 1297.6490 [MþH]þ 1,297.6429 4.7 C61H100O29 Malonyl-ginsenoside Ra2/Ra1
21 4.91 1,195.6187 [MþH]þ, 1,212.9451 [MþNH4]þ 1,195.6112 6.2 C57H94O26 Malonyl-ginsenoside Rb1 isomer
22 4.99 1,079.6069 [MþH]þ, 1,096.6310 [MþNH4]þ 1,079.6002 6.2 C53H90O22 Ginsenoside Rb2
23 4.99 1,079.6069[MþH]þ, 1,096.6312 [MþNH4]þ 1,079.6002 6.2 C53H90O22 Ginsenoside Rb3
24 5.10 1165.6088 [MþH]þ ,1182.641 [MþNH4]þ 1165.6006 7.0 C56H92O25 Malonyl-ginsenoside Rb2
25 5.23 1151.6284[MþH]þ ,1168.6471 [MþNH4]þ 1151.6213 6.1 C56H94O24 Quinquenoside R1
26 5.37 1165.6067 [MþH]þ ,1182.641 [MþNH4]þ 1165.6006 5.2 C56H92O25 Malonyl-ginsenoside Rb3
27 5.41 1165.6085 [MþH]þ ,1182.641 [MþNH4]þ 1165.6006 6.7 C56H92O25 Malonyl-ginsenoside Rb3 isomer
28 5.55 947.5621 [MþH]þ ,964.5913 [MþNH4]þ 947.5579 4.4 C48H82O18 Ginsenoside Rd
29 5.64 1033.5644 [MþH]þ ,1050.590 [MþNH4]þ 1033.5583 5.9 C51H84O21 Malonyl-ginsenoside Rd
30 5.76 1121.6008 [MþH]þ 1121.6108 �8.2 C55H92O23 Ginsenoside Rs1
31 5.92 1033.5653[MþH]þ ,1050.590 [MþNH4]þ 1033.5583 6.7 C51H84O21 Malonyl-ginsenoside Rd isomer
32 5.95 947.5623[MþH]þ 947.5579 4.6 C48H82O18 Gypenoside XVII
33 6.01 1121.6180 [MþH]þ 1121.6108 5.9 C55H92O23 Ginsenoside Rs2
34 6.12 1147.6347[MþH]þ 1147.6264 7.2 C57H94O23 Ginsenoside Ra7
35 6.28 917.5440 [MþH]þ 917.5474 �3.7 C47H80O17 Notoginsenoside Fe
36 6.36 1147.6348[MþH]þ 1147.6264 7.3 C57H94O23 Ginsenoside Ra8
37 6.40 767.4987[MþH]þ 767.4946 5.3 C42H70O12 Ginsenoside F4
38 6.51 917.5518[MþH]þ 917.5474 4.7 C47H80O17 Vinaginsenoside R16
39 7.29 785.5082[MþH]þ 785.5051 3.9 C42H72O13 Ginsenoside Rg3
40 16.68 663.4530[MþH]þ ,685.4382[MþNa]þ 663.4472 8.7 C38H62O9 Ginsenosde Rs6/Rs7

CG, cultivated ginseng; MCG, mountain-cultivated ginseng; UPLC-QTOF-MS, ultra-performance liquid chromatography quadrupole time-of-flight mass spectrometry
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ginseng samples were complex. The ginsenoside retention times
were mainly within 7.5 min according to the BPI chromatogram
(Fig. 2). Forty ginsenosides, including panaxatriol and panaxadiol,
were identified in MCG and CG. As presented in Figure 2, eight
compounds were assigned by comparing them with standard gin-
senosides, and 32 ginsenosides were identified by comparing their
retention times and mass spectra data with the reference com-
pounds. The compounds were further confirmed through ion-
fragmentation patterns. As illustrated in Table 2, ginsenosides
were detected as protonated ions [MþH]þ, sodium adduct ions
[MþNa]þ, and/or ammonium adduct ions [MþNH4]þ in the
positive-ion mode.

3.2. PCA

It was difficult to identify the MCG and CG from the BPI chro-
matograms. In this case, an effective approach for discerning their
differences was MVA, which has been widely used in the metab-
olomics field in recent years to elucidate extremely complex sam-
ples [26]. We were able to distinguish between CG and MCG from
the PCA and S-plot analysis.

A two-component PCA score plot of UPLC-QTOF-MS data was
utilized to depict the general variation of components among the
Panax ginseng samples (Fig. 3). The PCA score plot in Fig. 3 was
divided into two clusters, with the CG samples of different years
clustered into one group, while the MCG samples were clustered
into another group. The MCG and CG samples were clearly sepa-
rated by principal component 1 (PC1), indicating that their com-
ponents differed between CG and MCG.
3.3. Marker-ion analysis

It was evident that samples were clustered into two groups,
with one MCG and the other CG, confirming that MCG and CG
components differed in level and occurrence.



Fig. 4. The S-plot of mountain-cultivated ginseng and cultivated ginseng; a ion (tR
16.68 min, m/z 685.4382), b ion (tR 16.67 min, m/z 686.4420), c ion (tR 5.23 min, m/z
1,151.6284), d ion (tR 6.12 min, m/z 1,147.6347), e ion (tR 6.28 min, m/z 917.5518), f ion
(tR 4.45 min, m/z 1,211.6492), g ion (tR 4.02 min, m/z 1,241.6509), and h ion (tR
5.95 min, m/z 947.5623); j ion (tR 4.85 min, m/z 1,165.6094), i ion (tR 8.05 min, m/z
295.2263), k ion (tR 11.18 min, m/z 355.2849), i ion (tR 4.65 min, m/z 1,195.6194), and o
ion (tR 5.10 min, m/z 1,165.6088).
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To explore the potential chemical markers that contributed to
the differences between MCG and CG, UPLC-QTOF-MS/MS data
fromMCG and CG samples were processed by supervised OPLS-DA.
In the S-plot (Fig. 4), each point represented an EMRT pair (a
marker). The x-axis shows the variable contributions. The further
away a data point is from the 0 value, the more it contributes to
Fig. 5. Representative ion-intensity plot for marker ions over 45 samples. (A) Ginsenoside
11.18 min).
sample variance. The y-axis shows the correlations within the same
sample group. The further away an EMRT pair is from the 0 value,
the greater its correlation from injection to injection. As shown in
the S-plot in Fig. 4, the first eight ions, a (tR 16.68 min, m/z
685.4382), b (tR 16.67 min, m/z 686.4420), c (tR 5.23 min, m/z
1,151.6284), d (tR 6.12 min, m/z 1,147.6347), e (tR 6.28 min, m/z
917.5518), f (tR 4.45 min, m/z 1,211.6492), g (tR 4.02 min, m/z
1,241.6509), and h (tR 5.95 min, m/z 947.5623) at the lower left of
the “S” were the ions from MCG that contributed mostly to the
differences between MCG and CG. Analogously, the first five ions, j
(tR 4.85 min, m/z 1,165.6094), i (tR 8.05 min, m/z 295.2263), k (tR
11.18 min, m/z 355.2849), l (tR 4.65 min, m/z 1,195.6194), and o (tR
5.10 min, m/z 1,165.6088) in the top right corner of the “S”, were
ions from CG that contributed mostly to the differences between
MCG and CG. These ions could be used as potential chemical
markers to distinguish MCG from CG.

Additionally, we confirmed these spectral variables using the
ion intensity plot. The ion intensity plot (Fig. 5) generated by the
Marker Lynx software was a convenient instrument for profiling
marker ions. The marker ion tR 16.68 min, m/z 685.4382 (Fig.5A)
was ginsenoside Rs6/Rs7 from the MCG, and the marker ion tR
11.18 min, m/z 355.2849 (Fig. 5B) was ethyl linoleate from the CG.
The representative ion intensity plot illustrated the abundance of
marker ions tR 16.68 min, m/z 685.4382 and tR 11.18 min, m/z
Rs6/Rs7 at m/z 685.4382 (tR 16.68 min) and (B) ethyl linoleate at m/z 355.2849 (tR



Table 3
Characterization of different variable ions from MCG and CG

Mark
ion

Identification tR
(min)

Molecular
formula

Ion Mean
measured

mass

Theoretical
exact
mass

Mass
accuracy
(ppm)

Fragment ions Classification

l Malonyl-ginsenoside Rb1 4.65 C57H94O26 MþHþ 1,195.6194 1,195.6112 6.8 1,109, 1,015, 853, 785, 425 CG
j Malonyl-ginsenoside Rc 4.85 C56H92O25 MþHþ 1,165.6094 1,165.6006 7.5 1,079, 871, 853, 411 CG
o Malonyl-ginsenoside Rb2 5.10 C56H92O25 MþHþ 1,165.6088 1,165.6006 7.0 1,079, 871, 853, 411 CG
i Palmitoleic acid 8.05 C16H30O2 MþH2OþNaþ 295.2263 295.2249 4.7 277, 170 CG
k Ethyl linoleate 11.18 C20H36O2 MþHCOOHþHþ 355.2849 355.2848 0.3 309, 263, 268 CG
g Ginsenoside Ra3 /isomer 4.02 C60H100O27 MþHþ 1,241.6509 1,241.6630 6.3 1,109, 1,079, 947, 767 MCG
f Ginsenoside Ra2 4.45 C58H98O26 MþHþ 1,211.6492 1,211.6425 5.5 1,193, 1,031, 887, 869 MCG
c Quinquenoside R1 5.23 C56H94O24 MþHþ 1,151.6284 1,151.6213 6.1 1,109, 785 MCG
h Gypenoside XVII 5.95 C48H82O18 MþHþ 947.5623 947.5579 4.7 785, 767, 605, 443 MCG
d Ginsenoside Ra7 6.12 C57H94O23 MþHþ 1,147.6347 1,147.6264 7.2 917, 835, 755 MCG
e Notoginsenoside Fe 6.28 C47H80O17 MþHþ 917.5518 917.5474 4.7 899, 785, 737, 605 MCG
a, b Ginsenoside Rs6/Rs7 16.68 C38H62O9 MþNaþ 685.4382 685.4292 13.1 663 MCG

CG, cultivated ginseng; MCG, mountain-cultivated ginseng
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355.2849 among the 45 samples. The ions fulfilled the criteria of
marker ions, because they were found at higher levels in one herb,
but not others.

3.4. Component assignments

After obtaining the potential markers, element-composition
calculation was performed for the target markers. The molecular
formula of markers was obtained by comparing the accurate
masses. The next step was to search in a database and correlate
references in order to identify marker structures, which were illu-
minated by the fragments which appeared in the high CE scan. The
results are summarized in Table 3.

By matching the retention times and accurate masses with the
published compounds, ions a (tR 16.68 min, m/z 685.4382) and b (tR
16.67 min, m/z 686.4420) in the MCG samples were both tenta-
tively assigned as ginsenoside Rs6/Rs7. Ions c (tR 5.23 min, m/z
1,151.6284), d (tR 6.12 min, m/z 1,147.6347), e (tR 6.28 min, m/z
917.5518), f (tR 4.45 min, m/z 1,211.6492), g (tR 4.02 min, m/z
1,241.6509), and h (tR 5.95 min, m/z 947.5623) in the MCG samples
were identified as quinquenoside R1, ginsenoside Ra7, notoginse-
noside Fe, ginsenoside Ra2, ginsenoside Ra3 /isomer, and gypeno-
side XVII, respectively. Ions j (tR 4.85 min, m/z 1,165.6490), i (tR
8.05 min, m/z 295.2263), k (tR 11.18 min, m/z 355.2849), l (tR
4.65 min, m/z 1,195.6194) and o (tR 5.10 min, m/z 1,165.6088) in the
CG samples were confirmed to be malonyl-ginsenoside Rc, palmi-
toleic acid, ethyl linoleate, malonyl-ginsenoside Rb1, and malonyl-
ginsenoside Rb2, respectively.

From the different components between MCG and CG, we
learned that CG have more malony ginsenosides, and the MCG
have more minor ginsenosides. The malonyl ginsenosides are the
original type of ginsenoside and occur naturally in ginseng. It is
reasonable to deduce that growth circumstances make the
malonyl ginsenosids transform into minor ginsenosides through
hydrolysis, de-glycosylation, dehydration, and acetylation. This is
the chemical basis of MCGs that are directly related to their
pharmacological activities. This study illustrated the differences
between MCG and CG, and provided a basis for further MCG
research.

4. Conclusion

The generic UPLC/oa-QTOF-MSE sample-profiling strategy al-
lowsmultiple groups of complex samples to be studied by using the
MVA approach. The combination of high-resolution UPLC separa-
tion and high-resolution MS detection, coupled with MVA, allowed
details of the samples to be profiled, enabling important variance
markers to be measured, even at low concentration levels. Our
results constitute the first time that differences between CG and
MCG have been observed systematically at the chemical-
component level.
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